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SPIRUL]NA has drawn attention throughout the last decades. It is an essential source of
valuable products, such as proteins, phycobilins, carotenoids, phenolics, and unsaturat-
ed fatty acids. These products had been used in medicine, pharmaceutical, and agriculture.
In this study, the effect of different growth media on Spirulina platensis was studied after
the cultivation at optimum growth conditions; continuous light intensity (60pmol photons
m?s), temperature (25+3°C), and pH (9.0 + 0.2). The growth was estimated through 42 days
by optical density (OD), cell counting (CC), and chlorophyll contents. The results showed that
Kuhl’s medium was the optimum for S. platensis with the highest results, i.e.: (OD), (CC) and
Chlorophyll content increased 11.57 times, 19.55 times, and 22.66 times of the initial record,
respectively. KNO, showed the best nitrogen source for S. platensis, where the different param-
eters of growth elevated to 3.56 times OD, 7.33 times CC, and 1.91 total chlorophyll more than
their corresponding control.

Keywords: Biomass, Cyanobacteria, Growth media, Growth optimization, Nitrogen source,

Spirulina.

Introduction

Spirulina  species are non-toxic aquatic
filamentous blue-green algae, which may habitat
in marine, freshwater and alkaline lakes. In 1981,
the FDA (Food Drug Administration) approved
Spirulina by the issuance of a GRAS (generally
recognized as safe) certificate, so Spirulina is
legally considered as a food or food supplement
without any risk to human health (Verne's et
al., 2019). It has nutraceutical benefits, as it is
a source of rich nutritional compounds, such as
proteins, essential amino acids, carbohydrates,
vitamins, nicotinate, biotin, folic acid, minerals,
phenolics, pigments (chlorophyll, carotenoids,
c-phycocyanin, and  phycobilins),  poly-
unsaturated fatty acids and pantothenic acid (Shao
et al., 2019; Mohy El-Din, 2020). Its valuable
products set Spirulina as the most cultivated
microalga worldwide (Ghaeni et al., 2015; Matos
et al., 2017; Shao et al., 2019). These compounds
increase their biological function and commercial
uses (Chandi & Gill, 2011; Rizzo et al., 2015;

Dubini & Antal, 2015). Various industries use
Spirulina; in cosmetics, pharmaceutical products,
poultry industries, biofertilizers, food and feed,
and plant biostimulants (Priyadarshani & Rath,
2012; El-Sheekh et al. 2014a; Suganya et al.,
2016; Soni et al., 2019). Aychunie et al. (1998)
reported that Spirulina platensis produced sulfated
polysaccharide calcium spirulan with the antiviral
activity, which inhibits the entry of enveloped
viruses to the cell (measles virus, Herpes simplex,
and cyto-Megalo viruses). Spirulina sp. exhibited
antimicrobial activities against various bacterial
and fungal pathogens (El-Sheekh et al. 2014b;
Mohy EI-Din, 2020). Spirulina can be used in
environmental applications, such as nutrient
removal, as compared with Chlorella vulgaris
(El-Naggar & El-Sheekh, 1998; Markou, 2015).
It was reported that Spirulina eliminated 99%
of phosphate from the wastewater (Phang et al.,
2000). It can produce antioxidant compounds that,
it prevents some diseases, improves the immune
system, and protects from oxidative stress
(Barrow & Shahidi, 2007). It enhances lacticacid
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bacteria in the gastrointestinal tract that leads to
improving body hormones. Spirulina is also used
for the treatment of other diseases like arthritis,
anemia, cardiovascular diseases, diabetes, and
cancer (Mani et al., 2007; Rizwana et al., 2018).
Spirulina is characterized by some physical and
chemical factors that affect biomass production.
Some factors influence the growth, such as
suitable alkaline pH value, CO, concentration,
available salts, nutrients, temperature, and light
intensities (Sudhakar & Premalatha, 2015; Soni
et al., 2016). Spirulina also requires a relatively
alkaline pH. In order to maintain high alkaline
pH, high amounts of sodium salts must always
be there in the culture medium (Richmond
& Grobbelaar, 1986; Vonshak, & Richmond,
1988). The availability of nutrients, especially
nitrogen and carbon, affects the cell growth and
biochemical composition of microalgal cells
(El-Sheekh et al., 2010, 2012). The growth and
cell biomass are regulated by nitrogen uptake,
as nitrogen is an essential component for amino
acids and protein production (Chow, 2012).
The nitrate is a common nitrogen source in
microalgae culture. The c-phycocyanin content
in Spirulina platensis effects by nutrient contents
in the culture media, especially nitrate content,
which could lead to the reduction or inhibition of
c-phycocyanin, (Manirafasha et al., 2018; Mohy
El-Din, 2020).

This study aims to elevate the biomass
production of Spirulina platensis by using
optimizing growth media under the optimum
growth conditions.

Materials and Methods

Algal strain

Spirulina  platensis was isolated from
freshwater canals in Shebin El-kom, Menoufia
Government, Egypt. The microalga was
identified up to species under an inverted divert
light microscope following the keys of (Bold &
Wynne, 1978; Prescott, 1984; Yamagishi, 1992;
Vymazal, 1995). The width of the trichomes,
composed of cylindrical shorter than broad cells,
a diameter of 8 to 10um and length of tens to
hundreds of pm the coiled with a diameter close
to 5-6pum.

Growth media

A comparison study was done between different
media to optimize the growth of S. platensis.
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These were carried out according to Sharma
et al. (2012) and Abou-El-Souod et al. (2016).
Cultures were subjected to five different media
of different chemical compositions and pH: BG-
11 Medium (Ilavarasi et al., 2011), Bold’s basal
medium (Bischoff & Bold, 1963), Zarrouk’s
medium (Zarrouk, 1966), Modified Chu’s-10
medium (Stein, 1973) and Kuh!l’s medium (Kuhl
& Lorenzen, 1964), as described in Table 1.

Experimental setup

Different media optimization

Five conical flasks (250mL) were prepared,
each one containing 90mL of each medium
(Table 1), and inoculated uniformly with 10%
(v/ v) S. platensis subculture. The culture flasks
were aerated by air pumps and incubated at
2543°C under continuous illumination provided
from three standard cool white LED lamps (9W)
60umol photons m?s™'. The experiment for each
medium was carried out in three replicates (Joshi
et al., 2018). The pH was adjusted to be suitable
for this S. platensis growth (9.0£0.2), using 1M
sodium hydroxide (NaOH) and 1N hydrochloric
acid (HCl) by using pH meter (SCHOTT CG
843).

Effects of nitrogen source

Different nitrogen sources such as Ca(NO,),,
NaNO,, (NH,),SO,, NHNO, and urea [CO.
(NH,),] were tested on Kuhl’s medium for S.
platensis. Culture flasks were sterilized in an
autoclave at 121°C for 20min (Abou-El-Souod et
al., 2016; Salunke et al., 2016). The experiment
was cultivated as the previous conditions.

Growth analysis

According to Sharma et al. (2012) and Abou-
El-Souod et al. (2016), the growth curves were
observed and followed at week intervals using: 1)
optical density at 680nm, ii) Cell counting and (as
a unit or filament) iii) Chlorophyll contents. The
optical density depends on using a colorimetric
spectrophotometer at 680nm (Spectro UV-VIS
DUAL BEAM 8 AUTO CELL UVS-2700).
While cell count examination was performed
using a hemocytometer (Neuberger improved),
according to Gerloff et al. (1950). The total
chlorophyll contents were detected by using
the methanol extraction method of Mackinney
(1941) and measuring the wavelength on
(Spectro UV-VIS DUAL BEAM 8§ AUTO CELL
UVS-2700).
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TABLE 1. Composition of all described media g/L
Chemicals BG-11 Bold’s basal Zarrouk’s Modified CHU’s-10 Kuhl’s
NaNO, 1.500 0.250 2.500 - -
KNO, - - - - 1.011
Ca(NO,), - - - 0.232 -
K HPO, 0.040 0.075 0.500 0.010 -
KH, PO, - 0.175 - - -
Na,HPO, - - - - 0.089
NaH,PO, - - - - 0.621
MgSO,.7H,0 0.075 0.075 0.200 0.025 0.2465
NaCl - 0.025 1.000 - -
CaCl,.2H,0 0.036 0.025 0.040 - 0.0147
Citric acid 0.006 - - 0.0035 -
Ferric citrate 0.006 - - 0.0035 -
FeSO,.7H,0 - ImL Stock* 0.010 - 0.690***
fall)t)TA (disodium 4 401 ImL Stock** 0.080 1.000 0.930%#*
NaHCO, - - 16.800 - -
Na,CO, 0.020 - - 0.020 -
K SO, - - 1.000 - -
Na,SiO,.9H,0 - - - 0.044 -
Trace metal AS 1.0mL 1.0mL 1.0mL 1.0mL 1.0mL
H,BO, 2.86 11.400 2.860 2.400 0.061
MnCl,.4H,0 1.810 1.44 1.810 1.400 0.169
ZnS0O,.7H,0 0.222 8.82 0.222 0.222 0.287
Na,MoO,.2H,0 0.390 0.71 0.017 0.390 0.390
CuSO,.5H,0 0.079 1.570 0.079 0.079 0.0025
Co(NO,),.6H,0 0.049 0.490 - 0.049 0.0005
Distilled water 1.0L 1.0L 1.0L 1.0L 1.0L
pH 7.5+0.2 6.8+0.2 9.0+0.2 8.5 for cyanobacteria 6.8+0.2

*EDTA stock is prepared for Bold’s Basal medium by dissolving 5.0 g EDTA (disodium salt) to 3.1 g KOH in 100mL distilled water.
**Iron solution consists of 4.98 g FeSO,.7H,0, 1.0mL concentrated H,SO, in 1 Liter of distilled water.

##% In Kuhl’s medium Fe-EDTA complex: dissolving of 0.69 g FeSO,.7H,0 and 0.93 g disodium-salt of EDTA in 80ml of distilled water
by boiling for a short time. After cooling to room temperature it is made up to 100mL.

Growth curve

Finally, S. platensis growth curve was tested
under the previous optimum conditions, using
Kuhl’s medium at pH (9+0.2), KNO, as a nitrogen
source, and artificial illumination using three
white Led lamps (60pmol photons m?s'). The
growth was incubated at 254+2°C. At the optimum
growth, total chlorophyll, carbohydrates (Dubois et
al., 1956), protein (Lowry et al., 1951), and lipid
(Ahlgren & Merino, 1991) were estimated.

Statistical analysis
The obtained data were performed at three
replicates (n= 3). The variance and statistical

significance were established with ANOVA test at
0.05 level using SPSS for Windows (SPSS 16).
The results were presented as mean + standard
deviation (SD). Least significant difference (LSD)
at 5% probability (P< 0.05).

Results

Different media optimization

Figures 1 and 2 showed that the optimum
growth was achieved on 35" day, when the
optical density (OD) and cell count (CC)
increased 11.57 times and 19.55 times of the
initial record, respectively. Zarrouk’s medium
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was recorded by 5.49 times in OD and 12.03
times in CC. Bold’s basal medium was
recorded 4.93 times in OD and 11.53 times
in CC. In comparison, BG-11 medium OD
and CC were increased 2.91 and 6.02 times
of the initial record. There was no growth at
modified CHU’s-10, unfortunately, all the cells
gradually dead.

1.6
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Fig. 1. Effect of different media on the growth of
Spirulina platensis as (OD)
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Fig. 2. Effect of different media on the growth of
Spirulina platensis as (CC)

Figure 3 showed the estimation of total
chlorophyll contents in the cultivated S.
platensis at the best medium for getting the
maximum biomass. Kuhl’s medium also
showed the optimum Chlorophyll content
22.66 times of the initial record, on the 35" day
of cultivation. Zarrouk’s medium increased
the Chlorophyll content by 15.27. In the case
of Bold’s basal medium and BG-11 medium,
they were increased by 13.45 times and 12.09,
respectively. CHU’s-10 showed no growth, and
Chlorophyll decreased.

Effect of different nitrogen sources

The results in Figs. 4, 5, and 6 showed that
KNO, gave the highest growth of S. platensis
3.56 fold (OD), 7.33 fold (CC), and 1.91 fold
total chlorophyll at the 28" day of the growth.
OD of Ca(NO,), increased by 2.59 fold, 5.22
fold (CC), and 2.05 fold in total chlorophyll.
While NH,NO,, (NH,),SO, and urea showed
declined the S. platensis growth, until the
whole cell death.
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Fig.6. Effect of different Nitrogen sources of Kuhl’s
medium on total chlorophyll content of
Spirulina platensis

Spirulina platensis growth curve

S. platensis growth curve on Kuhl’s medium,
using KNO, as a nitrogen source, was detected
by OD (Fig. 7). The optimum growth level of
S. platensis was achieved on the 28" day of the
growth. The total chlorophyll content (5.21pg.
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mL"), carbohydrates (35.10mg.L"'), protein
(23.44mg.L"), lipids (600mg. L ).

OD at 680 nm
°

0 7 14 21 28 35 42
Experiment duration period (days)

“@=Spirulina

Fig. 7. Growth curve of Spirulina platensis at the
optimum growth conditions

Discussion

The results indicated that Kuhl’s medium
was the best medium for Spirulina platensis
cultivation. However, Kuhl’s medium is widely
used for the cultivation of green microalgae, and
it gave the maximum growth rate of S. platensis
during this study. Abou-Gabal et al. (2018)
studied the optimization of S. platensis using
Kuhl’s medium, but their study showed that
Kuhl’s medium was not the optimized growth
medium for S. platensis cultivation. However,
during previous studies, Zarrouk’s medium was
the most popular medium used for Spirulina
cultivation (Abd El-Monem et al., 2019); it gave
a lower growth rate than that was achieved from
Kuhl’s medium. Joshi et al. (2018) reported that
BG-11 growth medium was the best for Spirulina
platensis, when they tested three different media
i.e: BG- 11, CHU, and Walne.

The isolated S. platensis was sampled from
freshwater canals, which contain fewer carbonate
concentrations comparing to the marine water.
Changes in microalgae culture parameters can
affect biomass growth, modifying the structure
and biochemical contents (nutrients, vitamins,
enzymes, and toxins) (Xie et al., 2017; Piazzi
et al., 2019; Mohy El-Din, 2020). Another
expectation was nitrogen (concentration of
nitrogen and its source), as (Soletto et al., 2005;
Celekli & Yavuzatmaca, 2009), reported that
nitrogen concentration and nitrogen source had a
great effect on the growth of Spirulina. Kavita &
Mohanty (2000) reported that when S. platensis
was exposed to high sodium concentration, a 30%
increase in intracellular sodium accumulation and
caused a little change in dry mass and chlorophyll
content. S. platensis requires relatively high
pH, which inhibits the contamination by other

microalgae and elevated chlorophyll production
(Richmond & Grobbelaar, 1986; Hu, 2004).
Vincent & Silvester (1979) reported that the pH
had an effect on algal physiology and nutrient
availability. As the pH-controlled the solubility
of carbon source and minerals in the culture. He
also noted that Spirulina best growth rate was
achieved at pH values between 9 and 11.

Nitrogen is an essential nutrient for the
microalgal biomass (Li et al., 2018), S. platensis
can assimilate various nitrogen sources. Although
ammonium is the preferred nitrogen source
for Spirulina sp., it is toxic to cells at elevated
concentrations and can inhibit the growth and
cause cell death. Salunke et al. (2016), regarded
that urea is more effective than KNO, for S.
platensis. The previous studies demonstrated that
the availability and concentration of nitrogen
source influence the microalgal proteins content
(Markou, 2015; Li et al., 2016)

Delrue et al. (2017) reported that when
Spirulina was cultivated for 40 days cultivation
in a 1000L- photobioreactor during spring
2015. This period of cultivation helped to
increase the possibility of Spirulina growth in
the photobioreactor and improving biomass
productivity. In addition to this, the initial density
of the inoculum sample can affect the growth
period. As shown in Van-Khanh et al. (2017)
study, the lowest initial density of Spirulina
inoculum took long cultivation time more than
that of the highest initial density to reach the
maximum growth density.

Conclusion

The presented results showed that Spirulina
platensis biomass could be significantly increased
by using Kuhl’s medium. The optimum value of
media factors like pH, nitrogen source, phosphate
source, and salinity can enhance the growth rate
and biomass. It is concluded that the modification
of Kuhl’s medium by elevating the pH value
(9.0+£0.2), and using KNO, as a nitrogen source,
allow the improvement of S. platensis biomass
production.

Acknowledgments: The authors are very grateful
to the Botany and Microbiology Department,
Faculty of Science, Menoufia University, for
supporting this research.

Egypt. J. Bot. 61, No. 1 (2021)



66 MOSTAFA M. EL-SHEEKH et al.

Conflict of interest: The authors declare that there
is no conflict of interest.

Author contribution statements: M.E. and H.M.
supervised the work and conceived the original
idea. M.E. finalized the manuscript. L.H. carried
out the experiments, wrote the draft of the
manuscript with support from M.E. and H.M.

Ethical approval: Not applicable

References

Abd El-Monem, A., Gharieb, M., Doman, K. (2019)
Chemical constituents of zarrouk medium affect
growth, pigments and metabolites productions of
Spirulina platensis. Egyptian Journal of Botany. In
Press.

Abou-El-Souod, G.W., Morsy, E.M., Hassan, L.H.S.
(2016) Comparison of different media formulations
and the optimal growing conditions on growth,
morphology and chlorophyll content of green alga,
Chlorella vulgaris. Journal of American Science,
12(6), 86-95.

Abou-Gabal, A.A., Khaled, A.E.M., El-Sayed, H.S.,
Aboul-Ela, H.M., Shalaby, O.K., Khaled, A.A.,
Mohamed, L.A. (2018) Optimization of Spirulina
platensis biomass and evaluation of its protective
effect against chromosomal aberrations of bone
marrow cells. Fisheries and Aquaculture Journal,
10(1), 1-6.

Ahlgren, G., Merino, L. (1991) Lipid analysis of fresh-
water microalgae- A method study. Archiv Fur
Hydrobiologie, 121, 295-301.

Aychunie, S., Belay, A., Baba, T.W., Ruprecht,
R.M. (1998) Inhibition of HIV-1 replication
by an aqueous extract of Spirulinaplatensis
(Arthrospiraplatensis). JAIDS Journal of Acquired
Immune Deficiency Syndromes, 18(1), 7-12.

Barrow, C., Shahidi, F. (2007) "Marine Nutraceuticals
and Functional Foods". CRC Press 2007, Boca
Raton. ISBN 1-57444-487-5. XI1, 494p.

Bischoff, H.W., Bold, H.C. (1963) "Phycological
Studies 1V. Some Soil Algae from Enchanted Rock
and Related Algal Species", pp. 1-95. University of
Texas Publications, 6318p.

Bold, H.C., Wynne, M.J. (1978) "Introduction to

Egypt. J. Bot. 61, No. 1 (2021)

the Algae. Structure and Reproduction", 2™ ed.
Prentice-Hall, Inc., Englewood Cliffs, New York,
USA. 706p.

Celekli, A., Yavuzatmaca, M. (2009) Predictive modeling
of biomass production by Spirulina platensis
as function of nitrate and NaCl concentrations.
Bioresource Technology, 100, 1847-1851.

Chandi, G.K., Gill, B.S. (2011) Production and
characterization of microbial carotenoids as
an alternative to synthetic colors: A review.
International Journal of Food Properties, 14, 503—
513.

Chow, F. (2012) Nitrate assimilation: The role of in
vitro nitrate reductase assay as nutritional predictor.
Agricultural and Biological Sciences, Applied
Photosynthesis, 498, 105-120.

Delrue, F., Alaux, E., Moudjaoui, L., Gaignard,
C., Fleury, G., Perilhou, A., Richaud, P.,
Petitjean, M., Sassi, J.F. (2017) Optimization of
Arthrospiraplatensis  (Spirulina) growth: From
laboratory scale to pilot scale. Fermentation, 3(59),
1-14.

Dubini, A., Antal, T.K. (2015) Generation of high-value
products by photosynthetic microorganisms: From
sunlight to biofuels. Photosynthesis Research, 125,
355-356.

Dubois, M., Gilles, K.A., Hamilton, J., Rebers,
P.A., Smith, F. (1956) Colorimetric method for
determination of sugars and related substances,
Analytical Chemistry, 28(3), 350-356.

El-Naggar A.H., El-Sheekh, M.M. (1998) Abolishing
cadmium toxicity in Chlorella vulgaris by ascorbic
acid, calcium, glucose and reduced glutathione.
Environmental Pollution, 101(2), 169-174.

El-Sheekh, M.M., Khairy, H.M., El-Shenody, R.
(2010) Allelopathic effects of cyanobacterium
microcystis aeruginosa kiitzing on the growth and
photosynthetic pigments of some algal species.
Allelopathy Journal, 26, 275-290.

EL-Sheekh, M.M., Bedaiwy, Y.M., Osman, E.M.,
Ismail, M.M. (2012) Mixotrophic and heterotrophic
growth of some microalgae using extract of fungal-
treated wheat bran. International Journal of
Recycling of Organic Waste in Agriculture, 1(1),
1-9.



GROWTH ENHANCEMENT OF SPIRULINA PLATENSIS THROUGH OPTIMIZATION ... 67

El-Sheekh, M., El-Shourbagy, 1. Shalaby, S., Hosny,
S. (2014a) Effect of feeding Arthrospira platensis
(Spirulina) on growth and carcass composition
of hybrid red tilapia (Oreochromis niloticus x
Oreochromis mossambicus). Turkish Journal of
Fisheries and Aquatic Sciences, 14(2), 471-478.

El-Sheekh, M., Daboor, S., Swelim M.A, Nohamed
S. (2014b) Production and characterization of
antimicrobial active substance from Spirulina
platensis. Iranian Journal of Microbiology, 6(2),
112-119.

Gerloft, G.C., Fitzgerald, G.P., Skoog, F. (1950) The
isolation purification and culture of blue-green
algae. American Journal of Botany, 37(3), 216-218.

Ghaeni, M., Roomiani, L., Moradi, Y. (2015) Evaluation
of carotenoids and chlorophyll as natural resources
for food in Spirulina microalgae. Applied Food
Biotechnology, 2(1), 39-44.

Hu, Q. (2004) Industrial production of microalgal cell
mass and secondary products-major industrial
species: Arthrospira (Spirulina) platensis. In:
"Handbook of Microalgal Culture: Biotechnology
and Applied Phycology", A. Richmond (Ed.), pp.
264-272 . Oxford: Blackwell Science Ltd.

Ilavarasi, A., Mubarakali, D., Praveenkumar, R.,
Baldev, E., Thajuddin, N. (2011) Optimization of
various growth media to freshwater microalgae for
biomass production. Biotechnology, 10(6), 540-545.

Joshi, V.P., Chauhan, P.M., Joshi, K.B., Joshi, N.H.
(2018) Growth parameter optimization and
biochemical appraisals of Spirulina platensis.
International Journal of Current Microbiology and
Applied Sciences, 7(11), 160- 169.

Kavita, V., Mohanty, P. (2000) Alterations in the
structure of phycobilisomes of the cyanobacterium
Spirulina platensis in response to enhanced Na level.
World Journal of Microbiology and Biotechnology,
16, 795-798.

Kuhl, A., Lorenzen, H. (1964) Handling and culturing of
Chlorella. In: "Methods in Cell Physiology", D.M.
Prescott (Ed.), 1, 152-187. Academic Press New
York and London.

Li, T., Xu,J., Gao, B., Xiang, W., Li, A., Zhang, C. (2016)
Morphology, growth, biochemical composition and
photosynthetic performance of Chlorella vulgaris

(Trebouxiophyceae) under low and high nitrogen
supplies. Algal Research, 16, 481-491.

Li, X., Li, W., Zhai, J., Wei, H. (2018) Effect of
nitrogen limitation on biochemical composition
and photosynthetic performance for fed-batch
mixotrophic cultivation of microalga Spirulina
platensis. Bioresource Technology, 263, 555-561.

Lowry, O.H., Rosenbrough, N.J., Farr, A.L., Randall,
R.J. (1951) Protein measurement with the Folin
Phenol reagent. Journal of Biological Chemistry,
193, 265-275.

Mackinney, Q. (1941) Absorption of light by
chlorophyll solutions. Journal of Biological
Chemistry, 140, 315-322.

Mani, U.V., Iyer, UM., Dhruv, S.A., Mani, L.U.,
Sharma, K.S. (2007) Therapeutic utility of
Spirulina. Spirulina. In: Human Nutrition and
Health", Chapter 4, pp. 71-99.

Manirafasha, E., Murwanashyaka, T., Ndikubwimana,
T., Rashid Ahmed, N., Liu, J., Lu, Y., Zeng, X.,
Ling, X., Jing, K. (2018) Enhancement of cell
growth and phycocyanin production in Arthrospira
(Spirulina) platensis by metabolic stress and nitrate
fed-batch. Bioresource Technology, 255, 293-301.

Markou, G. (2015) Fed-batch cultivation of Arthrospira
and Chlorella in ammonia-rich wastewater:
Optimization of nutrient removal and biomass
production. Bioresource Technology, 193, 35-41.

Matos, J., Cardoso, C.N., Bandarra, M., Afonso, C.
(2017) Microalgae as healthy ingredients for
functional food: A review. Food and Function, 8,
2672-2685.

Mohy EL-Din, S.M. (2020): Evaluation of different
biological activities of Spirulina platensis extracts.
Egyptian Journal of Botany, 60(1), 249-259.

Phang, S., Miah, M., Yeoh, B., Hashim, M. (2000)
Spirulina cultivation in digested sago starch
factory wastewater. Journal of Applied Phycology,
12, 395-400.

Piazzi, A.C.F., Veiga, M.C., Santos, L.O., Costa,
JLAAV., Kuhn, R.C., Salau, N.P.G. (2019)
Modeling the growth of microalgae Spirulina
sp. with application of illuminance and magnetic
field. Journal of Chemical Technology and

Egypt. J. Bot. 61, No. 1 (2021)



68 MOSTAFA M. EL-SHEEKH et al.

Biotechnology, 94, 1770-1776.

Prescott, G.W. (1984) "How to Know the Freshwater
Algae". 37 ed. Wm. C. Brown Company Publication,
Iowa, USA. 384p.

Priyadarshani, I., Rath, B. (2012) Commercial and
industrial applications of micro algae—A review.
Journal of Algal Biomass Utilization, 3, 89-100.

Richmond, A., Grobbelaar, J.U. (1986) Factors affecting
the output rate of Spirulina platensis with reference
to mass cultivation. Biomass, 10, 253-264.

Rizwana, M., Mujtabab, G., Memonc, S.A., Leed,
K., Rashid, N. (2018) Exploring the potential of
microalgae for new biotechnology applications
and beyond: A review. Renewable and Sustainable
Energy Reviews, 92, 394-404.

Rizzo, R.F., Nascimento, B., Dos-Santos, C., Castro,
G.F.P.S.de, Passos, T.S., Nascimento, M.A., Guerra,
H.D., da Silva, C.G., Dias, D.d.S., Domingues,
J.R., de Lima-Aratjo, K.G. (2015) Production of
phycobiliproteins by Arthrospira platensis under
different light conditions for application in food
products. Food Science and Technology Campinas,
35, 247-252.

Salunke, K.I., Magar, S.A., Joshi, R.R., Adikar,
M.S. (2016) Comparative study on the growth
of Spirulina platensis on different culture media.
Bioscience Discovery, 7(1), 90-92.

Shao, W., Ebaid, R., El-Sheekh, M., Abomohra, A.,
Eladel, H. (2019) Pharmaceutical applications and
consequent environmental impacts of Spirulina
(Arthrospira): An overview. Grasas y Aceites,
70(1), 292- 304.

Sharma, R., Singh, G.P., Sharma, V.K. (2012) Effects
of culture conditions on growth and biochemical
profile of Chlorella vulgaris. Journal of Plant
Pathology and Microbiology, 3(5), 1-6.

Soletto, D., Binaghi, L., Lodi, A., Carvalho, J.C.M.,
Converti, A. (2005) Batch and fed-batch cultivations
of Spirulina platensis using ammonium sulphate
and urea as nitrogen sources. Aquaculture, 243,
217-224.

Soni, R.A., Sudhakar, K., Rana, R., (2016)

Biophotovoltaics and biohydrogen through artificial
photosynthesis: an overview. International Journal

Egypt. J. Bot. 61, No. 1 (2021)

of Environment and Sustainable Development,
15(3), 313-326.

Soni, R.A., Sudhakar, K., Rana, R.S. (2019)
Comparative study on the growth performance of
Spirulina platensis on modifying culture media.
Energy Reports, 5, 327-336.

Stein, J. (1973) "Handbook of Phycological Methods".
Culture methods and growth measurements.
Cambridge University Press. 448p.

Sudhakar, K., Premalatha, M. (2015) Characterization
of microalgal biomass through FTIR/TGA/
CHN analysis: application to Scenedesmus sp.
Energy Sources Part A: Recovery, Utilization, and
Environmental Effects, 37(21), 2330-2337.

Suganya, T., Varman, M., Masjuki, H., Renganathan,
S. (2016) Macroalgae and microalgae as a potential
source for commercial applications along with
biofuels production: A biorefinery approach.
Renewable and Sustainable Energy Reviews, 55,
909-941.

Van-Khanh, N., Diem, N.T., Nhan, L.T.T., Cu, P.V.,
Van, T.Q.K., Hoan, N.T. (2017) The Effects of
nutritional media and initial cell density on the
growth and development of Spirulina platensis.
Journal of Agricultural Science and Technology A,
7, 60-67.

Verne's, L., Abert-Viana, M., El Maataoui, M., Tao,
Y., Bornard, I., Chemat, F. (2019) Application of
ultrasound for green extraction of proteins from
Spirulina. Mechanism, optimization, modeling, and
industrial prospects. Ultrasonics — Sonochemistry,
54, 48-60.

Vincent, W.F and Silvester, W.B. (1979) Waste water
as a source of algae. Water Research, 13, 717-719.

Vonshak, A., Richmond, A. (1988) Mass production
of the blue-green alga Spirulina: An overview.
Biomass, 15, 233-247.

Vymazal, J. (1995) "Algae and Element Cycling in
Wetlands". CRC Press, Inc., Boca Raton, Florida,
USA, 689p.

Xie, T., Xia, Y., Zeng, Y., Li, X., Zhang, Y. (2017)
Nitrate concentration-shift cultivation to enhance
protein content of heterotrophic microalga
Chlorella vulgaris: Overcompensation strategy.



GROWTH ENHANCEMENT OF SPIRULINA PLATENSIS THROUGH OPTIMIZATION ... 69

Bioresource and Technology, 233, 247-255. Zarrouk, C. (1966) Contribution a

I’étuded’unecyanophycée. Influence de divers’

Yamagishi, T. (1992) "Plankton Algae in Taiwan facteurs physiques etchimiquessur la croissance

(Formosa)". Uchida Rokakuku, Tokyo, Japan, et la photosynthése de Spirulina maxima. Ph.D.
253p. Thesis, Université de Paris, France, 84p.

G gl pdlaa g ¢ JLaY) gail) haib g DA (1 Spirulina platensis 543 3 32
o

O¢pun A3l Gn Ll (O o ga Cpieen gL (Vi) Jasa ihiae

Aasls —shall 408 - o sl 5 )Saall 5 Ll ald @) pume - Unila Unids daals - glal) 208 Ll oD

oman A gl A8 il
Jie ciadlill cilaiall ¥ A 3 soae gd Aaalall 3 siadl J) sk oL@Vl Ul sy calada ciidl i)
Clatiall 638 aladind 25 8y Axsdall e Auaall (abaall s e gil s il s JSH 5 oulas il 5 i 5 il
Spirulina e AR pal) Llu gl 5li jlas) a3 Al all o3 DA Aol 3l Asally il 8
o lisi 8 (05 S 60) S a8l Jaal jatusall ¢ gaall ¢ Tl gaill Cag oyl B Ae) )30 2 platensis
U saill 538 S5 5 (0.2 £ 9.0) ) Jead Aagenll Aa 35 (U 3 £ 25) Bl all Ax o (1486
il < jelal by IS (5 sina s (CC) LA 220 5 ¢(OD) d_peaall AL (uld YA (e Lass 42
G sina 5 (CC) 5 (OD) gl @i Jel an S, platensis sad Jia¥! s Kuhl 23 T ) o
el L il e o 390 i@l (e Cianin 22,66 5 Ciaan 19.55 5 i 11.57 313 Jid sy 5K
Cinn7.33 5 OD (e i 3.56 S o il o3 53 S, platensis sail (s il saan dadl KNO,
g IS e Cama 1,91 X 5 CC

Egypt. J. Bot. 61, No. 1 (2021)



